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Molecularly imprinted polymers have been synthesized using 17Q-ethynylesiradioI as template. The affinity and 
the specificity of the polymers towards the template were evaluated by radioligand immunoassay. The polymer ■ 
prepared in toluene with 4-vinylpyridinc as functional monomer and ethyleneglycol dimethacrylate as crosslinker 
was found to have a strong and highly selective affinity for 17«-ethynyiestradiol. A comparison with the natural 
antibody indicated that the recognition properties of the polymer towards several structurally related steroids Were 
similar or superior to those of the antibody. The results show that it is possible to make a successful polymeric 
receptor site for a lipophilic molecule that can provide only two potential points of hydrogen bonding interaction. 


Introduction 

Molecular imprinting is on emerging technique used to 
synthesize polymers with specific receptor sites. These materi 
als are constructed around a chosen template which is 
subsequently removed, leaving cavities that are complementary 
in shape and electronic environment to the template. They have 
found a wide range of applications, such as chromatographic 
separations. 1 solid phase extraction, 2 catalysis, 3 chemosensors 4 
and artificial antibodies. 5 * 6 

In order to achieve optimal rebinding of the imprint molecule 
careful consideration has to be given to the design of the 
polymer. The polymer needs to be rigid enough to retain the 
memory of the imprint and it must have functional groups 
within the cavity that can attractively interact with the template 
molecule. Molecular recognition can be provided by a combina¬ 
tion of these two factors plus more subtle forces, such as 
hydrophobic interactions, die effect of which is harder to 
predict 

The polymers are typically prepared with ethyleneglycol 
dimethacrylate or trimethyloipropane trimethacrylatc 7 as cross- 
linking monomers. This yields rigid macroporous materials. 8 
Functional monomers, such as iD.eihacryI.it: acid, acrylamides or 
vinylpyridinc are most often used to participate in hydrogen 
bonding with the template and are copolymerhjed with the 
crosslinkers. If the template contains carboxy or amino groups 
ionic interactions are possible arid should lead to stronger 
binding. It remains a challenge, however, to make a molecularly 
imprinted polymer (\1 IP) that is capable of specific recognition, 
using a lipophilic template molecule with few functional 
groups. 1 * Many steroids fall into that category and in spire of 
their clinical and analytical importance they have only been 
used in a few instances to make Mips. 10 ' 11 In our quest for a 
convenient but sensitive method for the detection of 17a- 
ethynyiestradiol in biological samples we decided to prepare 
molecular imprints and evaluate their potential by immu¬ 
noassay. • 

Experimental 

Materials 

Ethyleneglycol dimethacrylate (EE>MA), 4-vinyIpyridine 
(4-VP), methacrylic acid (MAAj, l,l'-azobis(cyclohexane- 


carbonitrile) (VAZO®), 17cr-elhynylestradiol, estradiol, es¬ 
trone, mestranol, mifepristone, testosterone and anhydrous 
grade solvents were purchased- from Sigrna-Aldrioh, (Oakville, 
Ontario, Canada), and used as received. Mendel Scientific Co 
(Guelph, ON, Canada) supplied 17a-f6,7- 3 H(N)]-ethynylestra- 
diol (specific activity 44 Ci mmol" 1 ); liquid scintillation 
cocktail (Ultima Gold) was from Packard (Meriden, CT, USA). 
The rabbit anti-ethynylestradiol antibody and the specificity 
data for the antiserum were supplied by Wein Laboratories Inc. 
(Succasunna, NJ, USA). 


Preparation of the molecular imprinted polymers 

Ethynyiestradiol imprinted polymers were synthesized with 
either 4-vinylpyridinc, methacrylic acid, or a mixture of these 
compounds as functional monomers and ethyleneglycol dime¬ 
thacrylate as crosslinker. The corresponding blank polymers 
were made simultaneously (Table 1). 

Polymer PI was prepared in the following manner. Ethytiyl- 
estradiol (80 mg, 0.27 mmol) was suspended in toluene (1.8 ml) 
in a borosilicate test tube and put into solution by the addition of 
4-VP (260 pi, 2.4 mmol). EDMA (1.8 ml, 9.6 mmol) and the 
initiator, VAZO® (30 mg, 0.12 mmol), were subsequently 
added. The solution was sonicated for i min and sparged with 
nitrogen. The test tube was then covered with parafilm and 
placed in an tee bath. The reaction mixture was allowed to reach 
room temperature while being irradiated at 365 rim for 24 h. The 
resulting hard polymer was ground in a Retsch RM100 Mortar 
Grinder (Brinkmann Instruments Canada Ltd., Mississauga, 
ON, Canada) and water sieved to particles < 25 pm, which were 
filtered off through a fluted paper filler. The template was 
subsequently removed by continuous extraction with methanol 


Table 1 Polymerization mixtures 


Polymer 

Ethynyl- 

estradiol/mmal 

4-VP/ 

mmol 

MAAJ 

mmol 

EDMA/ 

mmol 

PI 

0.27 

2.4 

_ 

9.6 

Bl 

— 

-2.4 

— 

9.6 J 

P2 

0.27 

1.8 

1.2 

9.6 

B2 

— 

1.8 

1.2 

•9.6 

P3 

0.27 

-- 

3.0 

9.6 

B3 

— 

— 

3,0 

9.6 
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in a Soxhlet apparatus for 6 b. The extraction was stopped 
overnight and continued the next day for a further 6 h. The 
polymer was dried at 60 °C for 2 d. Polymers P2 and P3 were 
prepared in the same way. The corresponding blank polymers, 
Bl, B2 and B3 were prepared simultaneously, omitting 
ethynylestradiol. 


Immunoassay 

The polymer was suspended in the incubation solvent and 
sonicated for homogeneity. Of this suspension, 570 pi was 
transferred to a glass tube followed by 30 pi of 17a- 
[6,7- 3 H(N)]-ethynyIestradiol solution (specific activity 44 Ci 
mmol -1 ). The volume was brought up to 700 pi with solvent or 
appropriate solutions of competing ligand. The tubes were 
shaken overnight in an orbital shaker at 150 rpm. After 
centrifugation (Beckman J6-MI, Beckman Coulter Canada Inc., 
Mississauga, ON, Canada) for 20 min, supernatant (350 pi) was 
added to liquid scintillation cocktail (10 ml). The radioactivity 
was measured using a Tri-Carb Model 1900 TR (3-radiation 
counter (Packard Instruments, Downers Grove, IL, USA). 


Results and discussion 

MIPs designed for use in immunoassays must have high quality 
binding sites in order to meet the necessary standard of 
specificity. The affinity of the polymer for the template is 
ultimately determined by the change in free energy of the 
system. A certain loss of entropy is inevitable when a template 
molecule binds to the polymer. In the case of ethynylestradiol 
(Pig. 1) the entropy change is not large because it is a rigid 
molecule due to its fused 4-ring structure, The loss of entropy 
must be offset by an increase in enthalpy which is dependent on 
the template's ability to attractively interact with the polymer 
matrix. Hydrogen bonding between the template and suitable 
functional monomers in non-polar solvents is a means of 


Compound 


Structure 


Ethynytesrradiol 



Crossrcactlvity t%) 
MU’ Natural 
antibody 

100 100 


Mifepristone 


Estrone 


MeStnVioI 


Testosterone 


Estradiol 



N/A 


0 

100 


0 

0.22 


Fig. 1 Structurally related compounds used in competitive binding assays. 
Tlte crossreactivity values for the M1P (PI) were determined by dividing the 
iCjo (the amount of non radiolabeled ethynytestradiol that was required to 
disnlace 50% of the radiolabeled species) of etliynylestradiol by that of the 


assuring the strength and Fidelity of the binding. However, for 
hydrophobic template molecules, such as ethynylestradiol, 
where the number of functionalities capable of hydrogen 
bonding is limited, it is to be expected that all potential 
attractive forces must be carefully optimized to make a high 
affinity imprint. Although the results of other researchers in this 
field can be used to advantage , 12 - 13 optimization still involves 
experimental trial and error. 

The binding characteristics of the MIPs PI, P2 and P3 (Table 
1) were evaluated by determining the amount of polymer that 
was needed to bind 50% of added radio-labeled ethynylestradiol 
in a chosen solvent. Similar tests were performed at the same 
time on the blanks Bl, B2 and B3 to evaluate the specificity of 
the MIPs. Preliminary binding assays indicated that the 4-VP 
polymer PI or the 4 -VP plus MAA polymer P2 bound the 
template more strongly and with more specificity than did the 
MAA polymer P3. Since the phenolic hydrogen on the A-ring 
has an acidic character capable of interaction with basic 
moieties this was reasonable. 14 Although the use of a mixture of 
MAA and VP has been shown in certain cases to result in 
improved recognition 15 we found that the binding strength and 
the specificity of polymer PI were slightly better than that of 
P2. 

The choice of solvent used for polymerization and for 
binding proved to be the factor that was most influential in fine- 
tuning the performance of the anti-ethynylestradiol MIP. 

Solvents, such as methylene chloride, THF or acetonitrile were 
initially used as porogens because of their non-polarity and their 
ability to bring all the polymerization ingredients into solution. 

In these solvents rebinding was poor or non-existent. Changing 
the binding solvent to toluene greatly increased the affinity of 
the template for the imprinted polymers, as well as for the 
blanks, indicating that the interactions were non-specific. The 
addition of methylene chloride to the toluene increased the 
specificity, but decreased the binding strength. These results are 
an indication that toluene promotes the affinity of the template 
towards the polymer matrix, not unlilce the hydrophobic 
interactions of proteins in water that are a part of nature’s 
recognition mechanism. 

While ethynylestradiol is sparingly soluble in toluene 
(approximately 4 mg ml -1 ), further tests revealed that the 
addition of 4- VP resulted in total solubility of the required 
amount of template (40 mg ml -1 ). This suggested the formation 
of a complex between template and functional monomer, a 
prerequisite for an optimal imprint. 16 Indeed, the 4- VP MIPs 
polymerized in toluene exhibited strong binding characteristics 
in the same solvent, as well as excellent specificity. Only 160 
fig ml -1 was sufficient to bind 50% of radio-labeied ethynyles¬ 
tradiol, while the corresponding blank polymer Bl did not show 
any binding at polymer concentrations of up to 2 mg ml -1 . This 
shows an improvement on the previously reported sensitivity 
and selectivity of an anti-ethynylestradiol MIP, where 30 mg of 
polymer was required to bind 44% of radioligand, while the 
same amount of blank polymer still bound 11%. 10 

The ICjo value of MIP PI, determined by measuring the 
amount of non-radiolabeled ethynylestradiol that was required 
to displace 50% of the radiolabeled species, was found to be 68 
ng ml -1 (0.23 pM). As little as 5 ng ml -1 of non-radiolabeled - 
ethynylestradiol was still able to displace 10% of the radi¬ 
oligand, while 2 |ig ml -1 resulted in 90% displacement. 

The same competitive binding assay was used to evaluate the 
crossreactivity with a variety of structurally related compounds. 

The results of the PI assays and the crossreactivities exhibited 
by natural ethynylestradiol antibodies are shown in Pig. 1. A 
comparison reveals that the crossreactivitics for the natural 
antibody and the MIP are similar, except for mestranol. Here the 
MIP shows no crossreactivity in contrast to the natural antibody 
which is unable to distinguish between ethynylestradiol and 
Thus the specificity of the MIP not only rivals that of 
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mifepristone, estrone, mestradiol and testosterone was reason¬ 
able in view of the structural differences. Mifepristone is too 
large to fit, due to the presence of the 1 l[3-dimethyipyridine 
moiety. Estrone has a 17-keto functionality, which is not 
capable of hydrogen bonding to the functional monomer and 
also flattens the 5-membered D-ring. Mestradiol has a methoxy 
instead of a hydroxy group on the A-ring, affecting the size as 
well as the electronic environment of this potential point of 
recognition. Similarly, the testosterone molecule is sufficiently 
different from ethynylestradiol to account for the lack of 
binding. The low crossreactivity of estradiol (2.0%), however, 
was unexpected. The only difference between the two mole¬ 
cules is the presence of the efhynyl group which apart from 
requiring space was not expected to significantly interact with 
the polymer matrix since the proton residing an the triple bond 
is only capable of very weak hydrogen bonding. The shape of 
the 5-membered ring should not be altered to any extent by the 
substitution of the ethynyl group by a hydrogen atom and this is 
unlikely to account for the diminis ted binding. However, the 
absence or presence of the ethynyl group should affect binding 
strength if a tt-n electron stacking im. faction occurs between 
the triple bond and die ring of the 4-VP molecule that is 
involved in the hydrogen bonding to the 17(i-hydroxy group. 
Alternatively, the binding at the D-ring may require two 4-VP 
molecules; one to hydrogen bond with the 17jl-hydroxy and 
another to interact separately with the triple bond. Similarly, 
these types of stacking forces might contribute to the recogni¬ 
tion between 4-VP and the template A-ring. We are currently 
conducting further tests to investigate the validity of these 
hypotheses. 

In summary, our results show thar it is feasible to make a 
highly specific molecular imprint of a lipophilic molecule with 
few functional groups. It is passible to predict the performance 
of the MIP by observing the effect of the functional monomer on 
the solubility of the template in the chosen polymerization 


solvent. A non-polar rebinding Solvent Can promote the 
optimization of attractive forces, other than hydrogen bunding, 
between the template and the polymer. 
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